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Abstract
The human visual system responses to resolution
targets whose small area spatial content has been
altered from white to black has been investigated.
Modified tri-bar targets were presented to observers
on a rear projection screen at constant average lumin
ance and varying levels of contrast. Each observer
was asked to determine if he could see the target and
if the target had been modified. Responses indicate
that there is no difference in the visibility of targets
in which small areas have been changed to white or black
but whose spatial frequency content is the same.
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INTRODUCTION
The human visual system consists not only of the
eye, its optics and photoreceptors, but also of a com
plex system of nerves designed to pool the outputs of
individual photoreceptors into the more efficient
signals transmitted along specific information channels
to the brain. There, in the visual cortex, these
signals are interpreted within the context of the vast
amount of information contained in memory. Many aspects
of this system are not well understood. Among these is
the manner in which information about the size, shape
and texture of an object is acquired and remembered.
The advent of linear systems analysis and Fourier
theory in visual science followed soon after the advan
tages of describing optical-systems performance using
the modulation transfer function had been demonstrated
1-4
in the field of optics. Efforts at describing the
characteristics and limitations of the human visual
5-9
system
'
combined with insights provided by the
results of physiological experiments on other animals
have led to recent attempts to describe the functional
nature of the system. The anatomic components of the
system have, for the most part, been identified. The
intricacies of all the component interactions are not
13
well understood, however. Campbell and Robson have
proposed the existence of a number of information
channels selectively sensitive to a limited range of
spatial frequency. This would allow the encoding of
the dimensions of retinal images and the ability to
store in memory the coded information about the shape of
an object independent of its size or distance, thus
greatly reducing the amount of storage space necessary
to describe the object.
Despite the powerful advantages of linear system
analysis in its application to visual science and its
wide use in this field, there remain some fundamental
questions as to the validity of its use; i.e., does the
human visual system respond like a linear system? Ob
viously, if the system does not react like a linear
system, any conclusions based on linear system analysis
are open to question. Previous work conducted at R.I.T.
measuring the visual acuity of some subjects under high
luminance conditions suggests that the visual system is
14
not linear . In particular, J. Green has measured the
resolving power of the visual system using both positive
and negative resolving power targets (i.e., black bars
on a white background and white bars on a black back
ground) under similar viewing conditions. The two classes
of targets, although identical in spatial frequency con
tent, yielded different measures of resolving power.
However, there have been some questions raised about
the experimental conditions used: Was the average
scene luminance, for each class of target, the same?
Was the peak luminance of some of the targets so
bright as to dazzle the eye, therby putting that
portion of the scene beyond the range of linear re
sponse even if it does exist?
The purpose of this work was to determine if there
is a fundamental difference in the response of the hu
man visual system to a resolution target caused by a
small area change between black and white even though
its power spectral content remains unchanged. To find
that no difference in response exists would lend support
to theories which propose that the human visual system
is linear under threshold conditions of luminance and
contrast or which use linear systems analysis to support
conclusions based on data taken under these conditions.
To find a difference in the response of the human vis
ual system under these conditions, however, would in
dicate that the system is either not responding directly
to the frequency content of the scene, or at least it
is not responding in a linear way. This would bring to
question the validity of many of the currently accepted
theories of information processing within the human vis
ual system.

Background
Description of the Human Visual System
The visual system can be broken down into
four major stages of information handling: imaging
optics, light absorptions and conversion to
neurological signals, signal processing and image
recognition. These operations occur respectively
in the eye, the photoreceptors contained in the
retina, the retinal nervous subsystem, and the
visual cortex of the brain.
EXTERNAL MUSCLE
OPTIC NERVE
VITREOUS
INTERNAL MUSCLE
Figure 1. Horizontal section of the right eye
17
The eye is a liquid filled optical system,
similar in many respects to a common lens system
containing glass elements. Its elements consist of
the cornea and crystalline lens separated by the
aqueous humor. Immediately in front of the lens is
the iris, the aperture stop of the system. Lining
the inside of the eyeball is the retina which contains
the photoreceptors. Vitreous humor fills the inner
chamber between the lens and the retina. The focal
length of the system is approximately 17mm. Maximum
range of the pupil diameter is 2mm to 8mm in young
eyes. Under average conditions, the pupil has a dia-
17
meter of 3.5mm to 4.0mm. Table I contains experi
mental data relating scene luminance, retinal illum
inance, and pupil size. The fovea is an area of the
retina approximately 1.5mm in diameter centered where
the normal visual axis intersects the retina. An area
of the retina about 2.5mm in diameter where the nerves
from the photoreceptors come together to form the
optic nerve contains no photoreceptors and is called
the optic disc. Visual accommodation occurs as the
surface curvatures and thickness of the lens are
changed to bring an object into focus. Light adapta
tion is a two-fold process: 1) adjustment of pupil size,
and 2) a change in the sensitivity of the photoreceptors
in the retina.
Table 1. Relation of scene luminance, retinal illumination
and pupil diameter. 16
L (ft-L) L (c:d/m2) E (td)
r
i D (mm)
P
10-6 3.4 X
10"6 1.35 x io-4 7.1
4 x -6 1.4 X
10"-5 5.4 x 10-4 7.1
10-5 3.4 X
10"-5 1.32 x 10-3 7.0
4 x -5 1.4 X
10"-4 5.1 x 10-3 6.9
10-4 3.4 X
10"-4 1.21 x 10-2 6.7
4 x
10'-4 1.4 X
10"-4 4.5 x 10-2 6.5
10'3 3.4 X
10"-3 1.08 x IO"1 6.3
4 x
10'-3 1.4 X
10"-3 0.38 5.9
0.01 3.4 X
10"-2 0.87 5.7
0.04 0.141 3.05 5.3
0.1 0.34 7-0 5.1
0.4 1.4 23.5 4.7
1.0 3.4 51 4.4
4.0 14 167 3.9
10 34 350 3.6
40 140 1000 3.0
100 340 2050 2.8
400 140C) 5900 2.3
1000 3400 12,000 2.1
The photoreceptors undergo photochromic re
actions which produce a number of neurological im
pulses approximately in proportion to the logarithm
of the number of photons absorbed. Two types of
photoreceptors are present in the normal retina:
rods and cones. The distribution of rods and cones
is radially symmetric around the fovea (except in
18
the optic disc) . Of the two types of photo
receptors, rods are the more sensitive to light and
their characteristics dominate scotopic vision. For
example, the sensitivity of the visual system to low
levels of light at different wavelengths is quite
similar to the absorption spectrum of rhodopsin, the
19
visual pigment found in rods. Under scoptic condi
tions, the visual system is unable to discern differ
ences among light of different wavelengths; therefore,
no information about the color of an object can be
retained .
Cones take the more active role under normal and
very bright light, and have the capability to discern
among the various colors we see. Each cone contains
20
one of three different visual pigments. The three
varieties of cones combine to produce the photopic
spectral sensitivity characteristics of the visual
system. Both the photopic and scotopic spectral
21
sensitivity curves have been published. Recog
nition of fine detail in an object occurs only when
the image of that object is located at the fovea, which
consists exclusively of densely packed cones.
Photoreceptors of both types do not act inde
pendently. Each photoreceptor has the ability, when
it absorbs light and produces a signal, to retard the
ability of neighboring photoreceptors to produce and
transmit a signal. The effect of this mechanism,
known as lateral inhibition, is to produce edge en
hancement and suppress large area dc signals. Many
phenomena of visual perception, including the Corn-
sweet edge, can be at least partially explained by
this mechanism.
The retinal nervous system consists of a complex
network of nerves and neural signal pooling structures
which provide the link between the photoreceptors and
the optic nerve. Although from some areas of the retina
there are approximately the same number of nervous con
nections to the brain as there are photoreceptors , in
many areas, particularly in the periphery, there are
many more photoreceptors than there are connections to
the brain. In no case, however, is there an optic
nerve fiber linked exclusively to one photoreceptor
or a photoreceptor linked exclusively to one optic
10
nerve fiber. Within the retinal nervous system
there are several levels of signal "pooling" where
the signal from one photoreceptor is combined with
those from several other photoreceptors to generate
one or a few output signals which may be subject to
more pooling. A good illustration of the physical
structures involved in this system is contained in
Reference 22. The ability to pool individual signals
provides the mechanism for many of the known phenomena
associated with vision and the basis upon which many
theories attempt to explain these phenomena.
The output of the retinal nervous system can be
viewed as a number of communication channels constructed
from the various combinations of outputs from individual
photoreceptors. In this way, there could exist, for in
stance, channels which contain information about the
ratios of brightness in two objects, independent of the
absolute light intensities involved. Channels could
also exist for specific information about the color
content of an object, or the shape of an object.
The optic nerve is the physical medium for trans
mitting the information contained in these channels to
the visual cortex of the brain. Here, further process
ing of this information takes place; primarily grouping
of similar channels from various areas of the retina.
11
The brain also compares current information to in
formation stored in memory and performs such operations
as recognition. An individual becomes consciously
aware of the scene being viewed somewhere during these
final stages.
System Performance
Obtaining consistent, reliable measurements of
the optical portion of the human visual system is much
easier than similar measurements of the neurological
processes or the entire system. Like other optical
systems, the eye is subject to the usual aberrations.
Distortion and field curvature are rarely a problem
because the fovea only covers about
2
of visual angle.
Chromatic aberration, although measured to be present
in significant quantity, does not have any noticeable
effect on visual acuity. Spherical aberration is
minimal with small pupils (3-4mm) and average daylight,
although in dim light with large pupils its effect
17
becomes significant . Astigmatism and the inability
to correctly focus are the most common and noticeable
defects .
The resolution characteristics of the visual
system vary considerably depending on the viewing
conditions encountered. As the visual system adapts
12
to the average luminance of the scene being viewed,
both its adaptive mechanisms have their effect on the
system modulation transfer characteristics. The modu
lation transfer characteristics of the optical elements
of the eye are highly dependent on pupil size. Campbell
23
and Gubisch have published the characteristics of
these elements measured independently of the retina.
The corresponding MTF
'
s compared to an ideal optical
system were also included.
Two methods of measuring the modulation transfer
characteristics of the complete visual system are dis
cussed in the literature. The more common method asks
an observer to determine the minimum contrast at which
a bar target or sinusoidally varying luminance pattern
is just barely visible assuming that the observer's
contrast threshold is constant, the input contrast at
threshold over a range of spatial frequencies provide
the system MTF. The second method, contrast matching,
requires the observer to match the luminance of a large
area patch which he can control with the apparent lum
inance of the bright and dark base of the target. The
ratio of modulation as determined by the observer to
actual target modulation is the MTF. Figure 2 shows
the modulation transfer characteristics of the entire
human visual system as determined by the contrast
13
threshold method at a luminance near that used during
the experiment of this thesis. The effect of a change
in average luminance can be easily seen in the curves
shown in Figure 3. The increase in modulation re
quired to see targets at low frequency is attributed
to a combination of practical field limitations within
the eye and lateral inhibition within the retina.
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the human visual system to sinusoidal
and square wave targets. 24
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the modulation transfer characteristics
of the human visual system. 25
The Concept of Spatial Frequency Channels
Campbell and
Robson13 first proposed the existence
of spatial frequency information channels when they in
vestigated a depression of the threshold contrast sensi
tivity curve caused by visual adaptation to a high con
trast sinusoidal grating pattern. Adaptation to the
grating coused by visual depression of the contrast
sensitivity function over a relatively small range
of
frequency centered at the frequency of the adaptation
grating. Expanding their investigation to adaptation
patterns using more conplex wave forms, Campbell and
Robson found further depressions in the contrast sensi
tivity function which corresponded to the frequency
15
content of the adaptation patterns. They concluded
that the visual system was linear at threshold and
Fourier theory could be used to describe the phenomena
they had observed. In addition, they could not
"satisfactorily model the over-all visual system by
a simple peak detector following a spatial filter",
but proposed "a number of independent detector mech
anisms each preceded by a relatively narrow-band filter
-i 3'tuned' to a different frequency."
Blakemore and Campbellz followed up this research
with a more quantitative description of these information
channels. These experiments covered approximately the
frequency range 1-40 cycles/degree at an average lumin
ance of 100 cd/m2 . "By determining the (decrease in
threshold sensitivity) over a range of spatial frequency
for a number of adapting frequencies, it was found that
the (threshold sensitivity depression) is limited to a
spectrum of frequencies with a band width of just over
an octave at half amplitude, centered on the adapting
frequency. The amplitude of the effect and its band
width are very similar for adapting spatial frequencies
between 3 c/degree and 14 c/degree. At higher fre
quencies the bandwidth is slightly narrower. For lower
adapting frequencies, the peak of the effect stays at
3 c/degree . "
16
Further work done by Sachs, Nachmias, and
27
Robson indicates that the components of a complex
grating where the luminance is modulated by the sum
of two sinusoids of different frequencies may be de
tected independently.
Additional support for this theory is lent by
the results of physiological experiments performed on
the cat and monkey. By probing nerve cells in the
retina or brain of an anesthetized animal, the
physical (electrical) response of these cells to
changing patterns of light can be recorded. Enroth-
Cugell and Robson found individual ganglion cells in
the retina of the cat which were selectively sensitive
to different ranges of spatial frequencies. The
physical mechanism implied by these findings would
indicate that the ganglion cells of the retina are a
"pooling" device for varying numbers of photoreceptors
contained within areas of the retina of varying size.
Those cells which show a peak response to high frequency
patterns would pool the outputs of photoreceptors from
a relatively small area and vice versa. Enroth-Cugell
and Robson estimated that the range of the diameters
of these "pooling
areas" (receptive field centers) was
about
0.5-4.4 (0.15mm - 1.31mm). It has been known
17
18
since the work of Kuffler that the dimensions of
the receptive field centers of the retinal units vary
29
over a wide range. Wiesel found centers of 0.5 -
4.0 in the central retina and l-8 in the periphal
retina in his work on the cat. Hubel and Wiesel
investigated the retina of the spider monkey, which
is organized more like that of the human than the cat
retina, the smallest receptive field centers were
found near the fovea and the size of the centers tended
to increase with increasing distance from the fovea.
The smallest center had a diameter of 4 minutes of arc
(corresponding to about 20mm on the retina) and was
located 4 from the fovea; the largest center had a
diameter of 2. It is apparent that the receptive field
center tends to be larger in the periphery, but a wide
range of sizes is actually found at each place in the
visual field.
18
Experimental Techniques and Procedures
Modified tri-bar resolution targets have been
presented to several observers on a rear projection
screen in an attempt to determine if there exists a
difference between the visibility of targets whose
small area spatial content has been changed from
white to black. The basic target appears to the ob
server as three horizontal bright bars placed on a
dark square that has been superimposed onto an average
luminance background. A bar length-to-width ratio of
5:1 has been used. Target modifications can take on
either of two characteristics. In the first case, a
square is removed from one of the bars. The second
category includes targets where a square was added be
tween two of the bars . Examples of the basic target
and the two classes of modified targets are shown in
Figure 4. The location of the altered square could
be anywhere along the length of the bars in either of
the modifications. During presentation, the average
luminance of the targets was maintained at about 25
candles/meter2 while the contrast was varied from
well below to well above the threshold of detection.
19
Target Type (o)
Target Type (-) Target Type (+)
Figure 4 : Examples of targets used during
the experimentation
20
Making the Targets
In order to make the final slides so that the
luminances of the bright bars and dark square evenly
bracketed the background, it was necessary to expose
them in two steps using a double exposure technique.
The art work for the two exposures consisted of por
tions of the final image made on high contrast litho
graphic paper. The first exposure was to a white square
against a black background as shown in Figure 5a. The
art work for the second exposure consisted of the three
bars (or their modifications) in black on an all-white
background as shown in Figure 5b. By suitably adjusting
the relative levels of the two exposures, the background
luminance could be made to fall midway between the bar
and square luminances .
The art work was made in several stages . First a
6"
x
6" black square was placed in the center of a
20"
x
24"
piece of white matboard. Overlays of the
various target bar patterns were cut from pieces of
6"
x
6"
graph paper. Film positives were made of each
of the target patterns by placing the 20" x 24" matboard
on the copy board of a graphic arts reduction camera and
positioning each of the target pattern overlays on the
black square of the 20" x 24" board. This set-up was
20a
Figure 5: Examples of artwork used to make the targets.
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reduced to 20% of the original size and photographed
onto Du Pont Cronar Ortho S (COS) film and processed
in a Du Pont 24L processor using standard chemicals
(CLBD, etc.) at a throughput speed of 2 4 ips . The
background film positive was made by photographing the
20"
x
24"
matboard and square, without a target pattern
overlay, onto a direct positive film, Du Pont Cronar
Positive Reversal (CPR) film. Processing of the CPR
was the same as for that of the COS.
Negative target masters were made by contact
printing each of the film positives onto Du Pont Bright
Light Paper (BLP) and processing the paper through a
Du Pont RAII processor using standard chemicals and a
90 second access time. The target masters were then
marked and punched for proper registration during the
double exposure process. The final slides were made
on Kodak Plus-X (5062) film using a Kodak Signet 35
camera which has provisions for making double exposures.
The lens and shutter assembly were removed from a
Polaroid MP-3 copy stand and the camera placed on a
tripod positioned over the baseboard. A registration
easel borrowed from the Film Animation Department was
used to position the target masters in proper registra
tion during the various double exposure sequences . As
22
might be expected, the modulation in the slides was
unaffected by the absolute exposure level, but was
dependent only on the relative levels of the two ex
posures . In order to evenly bracket the bar and square
luminances around the background luminances, the expos
ure to the background target master needed to be 3/4
stop less than the exposure to the bar target master.
Final average luminance on the screen could be adjusted
using neutral density filters. The exposures actually
used were 1/2 5 sec. @ f/8 for the background target
master and 1/25 sec. with the aperture stop midway be
tween f/5 . 6 and f/6.1 for the bar target master. The
35mm film was processed in a small tank using D-76 for
5 minutes @ 70F, agitating at 30-second intervals.
Screen luminance measurements were made using a
tm
Spectra Spotmeter 1/4 spot luminance meter posi
tioned along the viewing axis, slightly closer to the
screen than the observer would sit and at approximately
the same height as the average observer so as to repre
sent the actual viewing geometry as closely as possible.
Measurements of average luminance made on target slides
are reported in the Appendix, Tables Al , as the average
of four readings, each made just outside the target
square, one on each side.
23
Modulation measurements were made from slides exposed
and processed with the target slides. Two density
patches were exposed on each of these slides so as to
reproduce the densities of the bars and square in the
target slides. The vertical line dividing the patches
was placed as nearly as possible in the same portion of
the projector beam and at the same location on the
screen as the target. Luminance measurements were made
of each patch from areas as close together as practical
and are reported in the Appendix, Table A2 . The modu
lation reported for all the target slides is the average
of five measurements made in this way.
Presenting the Targets
The projection apparatus is diagramed in Figure 6.
Filter
Holder
0 ~\-
o
Flare
Projector
^
Target
Projector.
^
.Beam
/Splitter
Rear
Projection
Screen
^>
Observer
Figure 6. Diagram of projection apparatus
24
The beam from the flare projector was defocused
so as to provide more even screen luminance with fine
structure from that source. A glare screen was pro
vided around the rear projection screen to prevent strong
light from annoying the observer. The 10" x
10"
rear
projection screen was made of
3/16"
plastic, matted on
one side and was provided by the Eastman Kodak Company.
The 8" x 8" plate beam splitter, which provided very
nearly equal reflection and transmission, was also donated
by the Eastman Kodak Company. Important measurements of
the apparatus are shown in Table 2 .
Table 2. Important measurements of apparatus.
Slide-to-screen distance 89"
Screen-to-back roll distance 106 1/2"
Wall-to-eye distance (BLS) 6 1/2"
Screen-to-eye distance 100"
Target height on screen (3 cycles) 4.5cm
Angular substance of target 3.0 cycles/degree
Flair luminance on screen 24 cd/in.2
The slides were mounted in glass in order to reduce
focus shift throughout the sequence. In both cases the
projector used was a Kodak Carousel 600.
During the experiments, observers were asked to
sit in a chair at one end of the laboratory with their
heads positioned near the back wall. Except for a dim
ceiling safelight, all the lights in the laboratory were
turned off while the observer became adapted to the
25
luminance level on the screen provided by the flare
light projector alone. The observer was shown ex
amples of the three types of targets he would be ob
serving and instructed as to what was required of him.
As each slide was projected, the observer was asked to
answer two questions: "Can you see the target?" and
"Has the target been modified?" Between targets, a
blank screen was presented at the flare light luminance
level. Thirteen slides were shown to each observer,
twice. They consisted of five targets which had a square
added, five targets which had a square removed, and three
unaltered targets. For ease of reference, the first
class of targets are referred to as (+) targets, the
second class as (_-) targets and the third class as (o)
targets. The order of presentation of the targets was
randomized once, and thereafter remained the same.
The luminance level used during the presentation
was chosen to be about 25 cd/m2 as this would provide a
pupil diameter in the observer which was between 3.5mm
and 4.0mm. These are average conditions as reported in
17
the literature. As can be seen in Figure 2, the peak
of threshold contrast sensitivity under these conditions
occurs near 10 cycles/mm on the retina (3 cycles/degree) .
Therefore, the target size during presentation was ad
justed to that size.
26
Target modulation was controlled by placing
neutral density filters in the path of the target pro
jector, before the beam splitter. The technique has been
described by Virginia Flook.30 By using a flare light
source which is brighter than the average luminance from
the unattenuated target projects, small changes in target
modulation can be achieved with minimal change in average
screen luminance over the range of modulation. The equa
tion which describes the resulting screen modulation is
Ms = T-p^ Mi where
Ms = modulation of target on screen
Mi = initial modulation of target, measured
without flare luminance or attenuation
R = ratio of flare luminance to average
luminance of target slide without
attenuation. This must be >1 to achieve
minimum change in average screen luminance
over a range of modulation.
t = transmission of target beam attenuation
The range of modulation that would be needed for the ex
perimentation was determined during a preliminary experi
ment where an observer was asked to judge the set of
target slides on two occasions using a broad range of
modulation in each case. The final choice of modulation
range and the intermediate modulations used are shown in
the Appendix, Table A3.
27
In order to determine how much the average
screen luminance actually did change across the mod
ulation range, a series of measurements of average
luminance were made using target #1 over the range of
modulation. These results are also shown in Table A3.
The maximum change in average luminance was 20%.
Although the order of the targets remained the
same, the order in which target modulation appeared was
re-randomized for each observer in such a way that, with
few exceptions, each observer saw each target class at
every modulation, in a different order.
Unresolved Problems
Many of the observers complained that the screen
luminance was not even. Three problems existed. First,
the screen itself appeared to have dark patches in
various locations. Cleaning the screen had no effect in
removing them. An attempt was made to minimize their
effect on the observer's judgement by projecting the
targets onto a portion of the screen which was not
affected .
The second problem was an uneven beam from each
of the projectors. A well-aligned projector will pro
ject a beam which is characterized by a broad, high
luminance area at the center, with gradual, even
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fall off to the edges. The target projector matched
these characteristics quite well. The flare projector,
however, produced a vertical, high luminance line about
1/3 of the way in from the left side of the screen as
viewed by the observer.
A third cause of uneven screen luminance was re
lated to uneven lighting on the copy board when the
slides were exposed.
The total luminance non-uniformity is estimated
at 10-15%. Future work in this area will need to address
these problems as these errors are on the same order, or
in some cases greater than, the luminance differences in
the target.
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Results and Data Analysis
A total of 14 observers viewed the 26 target-
modulation combinations. They each reported "yes" or
"no"
answers to the two questions about each target they
viewed: "Can you see the target?" and "Has the target
been altered?" The answers to each question have been
grouped by target type and modulation and the proportion
of observers responding
"yes" to the first question or
responding correctly to the second question have been
calculated. These responses are tabulated in Tables 3
and 4, and are shown graphically in Figures 7 and 8.
Two-way analysis of variance (ANOVA) was per
formed on the data in each of Tables 3 and 4 , looking
for significant effects among target types (treatment)
and blocking on modulation. The details of each ANOVA
are in the Appendix B. In each case, the effect of
target type on the variation in the data was found to
be insignificant at an alpha risk, a. =0.10.
Upon reviewing the data as shown in Figure 7 and
the corresponding ANOVA, however, a significant effect
among target types on the visibility of the targets were
noted at a = 0.20. A contrast between the type (o)
targets and the types (-) and (+) targets was tested and
found to be significant. The details of this test are
also in Appendix B.
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Table 3. Proportion of observers responding
"yes"
to the question, "Can you see the
target?"
Target
Modulation
.0047
.0058
.0073
.0091
.0113
.0141
.0175
.0215
.0264
.0321
(o)
Target Type
(-) ( + )
0.00 0.00
0.36 0.07 0.13
0.29 0.21 0.23
0.64 0.50 0.50
1.00 0.73 0.69
1.00 0.93 1.00
1.00 1.00 0.86
1.00 0.93
1.00 1.00
1.00 1.00
Table 4 . Proportion of observers responding
correctly to the question, "Has the
target been altered?"
Target
Modulation
.0047
.0058
.0073
.0091
.0113
.0141
.0175
.0215
.0264
.0321
(o)
Target Type
(-) ( + )
0.00 0.00
0.07 0.00 0.07
0.29 0.21 0.08
0.50 0.21 0.29
0.53 0.33 0.46
0.77 0.57 0.87
0.86 0.62 0.64
1.00 0.60
1.00 0.86
1.00 1.00
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Due to the small number of observers which be
came involved in the experimentation and the nature of
the testing, there is a great deal of noise in the re
sponses. In order to smooth out some of this noise, an
attempt was made to fit the data to an appropriate re
sponse model. The model chosen was P =
1
pax+b as
this has been shown to be useful in modeling other sta
tistical distributions of a similar nature. The para
meters a, b were determined for each curve by performing
a logistic regression on the transformed variable:
y = In
t1
~
P) = ax+b
where x = target modulation
P = the measured sample proportions
The regression was done on a computer using a polynomial
least squares regression program. Table 5 contains the
calculated values of the parameters a and b for each
target-question combination. Graphs of these equations
and the data points from which they were calculated are
contained in Figures 9 and 10. It was hoped that an
analysis of these parameters could be done to determine
if the curves were significantly different from each
other. The variability in the data, and the resultant
difficulty in modeling it, precluded an analysis of this
type.
35
Table 5. Calculated values of model parameters
Visual Target
Function Type
Detection (o) -967 7.17
(-) -664 6.66
(+) -538 5.43
Recognition (o) -337 3.71
(-) -450 5.93
(+) -624 6.90
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Conclusions
Within this data there is no evidence of a
statistically significant difference in either the
detection or recognition between the targets whose
small area content had been changed from white to
black. There is evidence that a difference exists
in the detectability of the unaltered targets and the
altered targets as a group; the unaltered targets
being more visible. The variability in the data is
such, however, that a difference could be cited with
only 80% confidence. An increased number of observers
may have reduced the variability in these experiments,
and is suggested for future work along this line.
The curve fitting attempt worked only moderately
well as there were difficulties arising from both the
noise in the data and a question of how to handle unde
fined points in the transformation. Many of these prob
lems would have resolved themselves had the data been
more consistent. Presumably, increasing the number of
observers would have added consistency to the observa
tions and helped to smooth the noise in the data.
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APPENDIX A
Luminance And Modulation Measurements
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Table Al. AVERAGE LUMINANCE OF EACH TARGET SLIDE
TARGET
#
TARGET
TYPE
ALTERED
POSITION
1 + 20
2 2
3 0
4 + 6
5 - 13
6 - 14
7 + 18
8 0
9 24
10 + 7
11 0
12 + 19
13 12
AVERAGE LUMINANCE
WITH GLARE WITHOUT GLARE
33.1
33.1
33.8
33.4
34.2
32.6
31.2
33.0
33.0
31.7
33.4
33.4
33.6
6 .51
6,.97
7,.18
7,.55
8..20
6.,27
5. 88
7.,06
7. 59
6. 84
6. 85
7. 19
7. 43
L = 33.0 L = 7.04
se = 0.8 se = 0.61
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Table A2. MODULATION MEASUREMENTS
SLIDE
#
1
6
10
15
20
LUMINANCE: OF
BAR SQUARE
9.7 6.5
11.4 7.8
10.5 6.9
8.5 5.6
8.6 5.7
TARGET
MODULATION
0.,198
0. 188
0. 207
0. 206
0. 203
M. = 0.200
l
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Table A3. EFFECT OF PROJECTOR ATTENUATION ON TARGET
MODULATION AND AVERAGE LUMINANCE
N.D. t Ms (cd/m2)
0.2 0.63 0.032 30.1
0.3 0.50 0.026 28.7
0.4 0.40 0.021 26.7
0.5 0.32 0.018 25.6
0.6 0.25 0.014 25.5
0.7 0.20 0.011 25.1
0.8 0.16 0.009 24.8
0.9 0.13 0.008 24.4
1.0 0.10 0.006 24.3
1.1 0.08 0.005 24.3
M. = 0.200 R = -^
= 3.3
l '
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APPENDIX B
Analysis Of Variance Calculations
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APPENDIX B. Analysis Of Variance Calculations
Analysis of variance was employed to determine if
those exists, a significant effect of target type or target
visability. Two way ANOVA was used in order to eliminate
the effect of target modulation of observer response.
Question 1: "Can you see the target?"
Table Bl. Observer response table! "Can you see the
target?"
TARGET TARGET TYPE
MODULATION (0) (-) ( + ) Ti .
.0321 1.00 1.00 2.00
.0264
1.00 1.00 2.00
.0215
1.00 0.93 1.93
.0175
1.00 1.00 0.86 2.86
.0141 1.00 0.93 1.00 2.93
.0113
1.00 0.73 0.69 2.42
.0091 0.64 0.50 0.50 1.64
.0073 0.29 0.21 0.23 0.73
.0058
-0047
0.56
0.00
T.j 4.29 6.44 6.34 17.07
ZY?j 5.6968 3.6233 5.4004 14.7205
49a
e e
(6.44)2 + (6.34)2 (4.29)2 (17.07)2
fa- S. targets - i0 + = = 0.0272
S.S M * , . - (2)
+ (2)* + (1.93)2 (2.86)2 + (2.42)2s*a - odulation-
2 + 7
.
d.64)2 + (2.93)2 + (0.73)2 + (0.56)2
3
(17. 07)2
26 = 3.3743
S'S'Total = 14'7205 ~
J122TZL2
= 3"5134
S.S. = 3.5134 - 0.0272 - 3.3743 = 0.1119
Error
F =? 73
2,14,0.90
/J
F =153
2,14,0.75
"^^
Table B2. ANOVA Table: "Can you see the target?"
Source d. f . S.S. M.S. F
Target Type 2 0.0272 0.0136 1.70
Modulation 9 3.3743 0.3749
Error 14 0.1119 0.0080
Totals 25 3.5134
50
Contrast: Type (o) target different from type (-) and
type (+) targets.
C = (2) (4.29) + (-1) (3.44) + (-1) (3.41) = 1.73
M.S. = S.S. =
(J--73)2
= 0.1247
Contrast Contrast (6) (4)
M.S. = 0.0080 (from Table B2)
Error
=
0-l247
= ,, fi
1,14 0.0080
The F = 1.70 calculated in the ANOVA is insignificant
at o< = 0.10, but is significant at c< = 0.25. Upon exam
ination of graphs of those results, the contrast was an
obvious choice. The statistical evaluation confirms that
there is no difference between responses to the two types
of altered targets. The unaltered targets, however, are
more easily seen than the altered targets.
51
Question 2: "Has the target been altered?"
Table B3. Observer response table: "Has the target been
altered?"
TARGET TARGET TYPE
MODULATION
.0321
.0264
.0215
.0175
.0141
.0113
.0091
.0073
.0058
.0047
T.j
2 .
EYt j
(0) (-) ( + ) Ti-
1.00 1.00 2.00
1.00 0.86 1.86
1.00 0.60 1.60
0.86 0.62 0.64 2.12
0.77 0.57 0.87 2.21
0.53 0.33 0.46 1.32
0.50 0.21 0.29 1.00
0.29 0.21 0.08 0.58
0.07 0.00 0.07 0.14
0.00 0.00 0.00
3.02 4.94 4. 87 12.83
1.9524 3.9064 3.5731 9.4319
(4.94)2 (4.87)2
,
(3.02)2
_
d2.83) = 0.0010
c q = +
"r 2613 i3'Targets ^0 6
=
(2)2 +
(1.86)2 +
(1.60)2
S-S 'Modulation
~
2
+ (Q
i?l2 + (2. 2D2 +
(1.32)2 + i
3
+ (0 58)2 +
(0.14)2 _ (12. 83)2 = 2.8377
3 26
52
S-S'Total = 9"4319 " 11ltM1
S.S,
Error
2,14,0.90
= 3.1008
= 3.1008 - 0.0010 - 2.8377 = 0.2621
= 2.73
Table B4. ANOVA Table: "Has the target been altered?"
SOURCE d.f. S.S. M.S.
TARGET TYPE
MODULATION
ERROR
2
9
14
0.0010
2.8377
0.2621
0.0005
0.3153
0.0187
0.03
TOTALS 25 3.1008
As the variability in the data caused by the choice
of target type is much less than the experimental noise,
there is no significant effect of target type found in
this data.
